session 1 (compared to David’s 27 during
session 1), and Dennis’ mother did not
start production at all until session 2. In
addition, the children produced many
more multisign phrases conveying se-
mantic relations than did their mothers.
Over the course of the four interviews,
David and Dennis produced 127 and 42
such phrases, respectively, while their
mothers produced only 41 and 13, re-
spectively. There is thus no evidence
that the children learned to concatenate
signs to express semantic relations by
imitating their mothers’ gestures.

Finally, the children were far more
likely than were their mothers to use
characterizing signs in their multisign
phrases. The mothers produced as many
characterizing signs in  single-unit
phrases as their children but far fewer
characterizing signs in multisign phrases
(Table 1, columns 2 and 3). Con-
sequently, there is no indication that the
children learned to integrate their char-
acterizing signs into an ordered system
by imitating their mothers’ productions
ar).

We have shown that a child can devel-
op a structured communication system
in a manual mode without the benefit of
an explicit, conventional language mod-
el. This achievement is cast into bold re-
lief by comparison with the meager lin-
guistic achievements of chimpanzees.
While chimpanzees seem to learn from
manual language training (/2), they have
never been shown to spontaneously de-
velop a language-like communication
system without such training—even
when that chimp is lovingly raised at a
human mother’s knee (/3). On the other
hand, even under difficult circum-
stances, the human child reveals a natu-
ral inclination to develop a structured
communication system.
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Department of Education,
University of Chicago
Chicago, Illinois 60637
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School of Medicine,
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Relative Fecundity and Parental Effort

in Communally Nesting Anis, Crotophaga sulcirostris

Abstract. The contribution of eggs to the communal clutch by females of the group
and the genetic contribution by males of the group are significantly skewed. The
amount of parental care performed by each bird is correlated with relative egg own-

ership for both sexes.

True communal nesting, in which sev-
eral females regularly deposit their eggs
into a single nest, is now known to occur
in a number of avian species such as
rheas, tinamous, anis, ostriches, magpie
geese, and pukekos (/). While the coop-
erative nature of this breeding system
has been emphasized, the degree of skew
in the clutch sizes of communal females
has not been reported for any of these
species. If the number of eggs the group
can incubate or raise successfully is lim-
ited, females should attempt to ensure
that the largest possible fraction of the
communal clutch is theirs.

A phenomenon commonly observed in
some of these species is the presence of
eggs strewn about in the vicinity of the
nest. Several explanations of this appar-

ent wastage have been offered, usually in
terms of negligence, poor breeding syn-
chrony, improperly built or unfinished
nests, the onset of male incubation, or
predators (/). As part of a broader study
of communal nesting in groove-billed
anis (Crotophaga sulcirostris), 1 exam-
ined this question of egg loss and its im-
plications. I report here that (i) egg loss-
es are a direct result of competition
among females, (ii) egg losses create a
skew in the egg contribution of each fe-
male to the communal clutch, and (iii)
the amount of parental care is correlated
with relative egg contribution for both
males and females (2).

Nesting groups of groove-billed anis
consist of from one to four monogamous
pairs. Such breeding units are stable
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throughout the long breeding season,
during which several nesting attempts
may be made. In most cases, all adult fe-
males in the group lay eggs in each suc-
cessive nesting attempt (3). Both males
and females help to incubate the eggs
and feed the altricial nestlings. The nest
is a bulky open cup made of twigs, which
may be situated low in marshy vegeta-
tion or high in a tree.

One or more eggs can usually be found
on the ground under nests with two or
more laying females; in contrast, eggs
are never found under nests with a single
breeding female. In communal nests in
which new eggs were marked each day,
all eggs were initially laid in completed
nests. All of the early-laid eggs were dis-
covered on the ground under the nest 1
or 2 days after laying. At some point the
losses abruptly stopped and the clutch
accumulated to completion.

Observations at nests during the early
laying period revealed that the females in
a communal group were deliberately roll-
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ing each other’s eggs out of the nest. Fif-
ty-four nests were monitored during lay-
ing to make an exact account of the total
eggs laid, tossed, and incubated. As the
number of laying females increases, the
average number of eggs laid per female
increases (3.9, 4.8, 5.3, and 5.8 eggs per
female for groups with one, two, three,
and five females, respectively) and the
proportion of eggs tossed also increases
(0, 20, 27, and 31 percent, respectively).
The number of incubated eggs per female
was therefore the same for all group siz-
es (3.9, 3.9, 3.9, 3.8, and 4.0 incubated
eggs per female for groups of one, two,
three, four, and five females, respective-
ly) @).

The uniformity of the adult-to-in-
cubated egg ratio for all group sizes, de-
spite the larger number of eggs laid per
female in larger groups, suggests a limi-
tation on the number of nestlings a group
can feed and defend. ‘‘Nestling slots”
are thus limited, and competition among
breeding pairs for these slots can be ex-
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Fig. 1. Contributions of individual alpha, beta, and gamma birds to incubation and feeding of
nestlings. (A) Three-day total of incubation effort for Pink group during early incubation period
(alpha female had not finished laying). (B) One-day total of incubation for Glanders group during
middle of incubation. (C) Two-day total of incubation for Stonegate group during the last days
of incubation. (D) Three-and-one-half-day total of nestling feeding trips for Stonegate group.
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pected. In order to determine which
birds were tossing out which eggs and
whether egg tossing was equal for all fe-
males, a continual watch was made
throughout the entire laying period (20
days) at a nest (Stonegate) with three
laying females. A female tossed eggs out
only before she laid her first egg. This
pattern suggests that females do not rec-
ognize their own eggs in a mixed clutch
but perceive as foreign only eggs laid be-
fore their first. As a result, early-laying
females lose more eggs than females lay-
ing later, and the last-laying female loses
no eggs.

Having determined the typical se-
quence of laying, tossing, and timing, as
well as the extent of variation in egg
shape and coloration for a female, I
could infer egg ownership in nests moni-
tored daily and assign each egg to the
first, second, or third female in different
group sizes (Table 1). Not only do ear-
lier-laying females own a consistently
smaller proportion of the incubated eggs,
but the last-laying female owns an in-
creasing number of eggs per nest as the
number of females increases.

Although the last-laying female gains
an apparent advantage over the early-
laying females, the latter appear to have
evolved strategies that minimize the
amount of skew in egg contribution. One
tactic is the laying of a larger total clutch.
Early-laying females laid significantly
more eggs than the last-laying female
(two-pair and three-pair groups pooled,
Mann-Whitney U = 155, n, = 13, n, =
17, P < .05) (Table 1). The typical differ-
ence in total clutch sizes is one to two
eggs. Early females frequently lay one
egg late in the cycle, well after their
other eggs and often coinciding with the
last egg of the last-laying female. A sec-
ond tactic is to increase the inter-egg in-
terval during the tossing phase of laying,
which reduces the number of eggs
tossed. Inter-egg intervals for early-lay-
ing females were 3 days for the first few
eggs and 2 days for most of the clutch;
the last-laying female laid all eggs at 1-
and 2-day intervals. A third skew-reduc-
ing mechanism involves the timing of the
onset of laying and the initiation of in-
cubation. The time interval between the
first eggs of the first and last females
varies from 2 to 8 days in two-female
groups and from 7 to 12 days in three-
female groups. The longer the last-laying
female delays her clutch, the more eggs
she will toss and the greater the skew
will be in her favor. However, an upper
limit is imposed by the commencement
of incubation by the early females as
they finish laying. Eggs laid late hatch
late, and younger nestlings naturally are
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smaller than their older nestmates
[Spearman rank correlations at one nest
(N = 12) of laying date versus hatching
date, r; = .875, P < .01; hatching date
versus wing length, r, = .956, P < .01;
laying date versus wing length, r, =
811, P < .01]. Smaller nestlings had
lower chances of survival than larger
nestmates [regression of percent surviv-
al on percent of smaller nestmates,
r= .81, P < .01, N = 10 (5)], with sur-
vival rates of about 60 percent for the
largest nestling and 23 percent for the
smallest. Consequently, a last-laying fe-
male that delays too long will increase
the proportion of her eggs in the nest but
will reduce the survival rate of her nest-
lings. Last-laying females apparently do
not delay to the point at which their nest-
ling survival is lowered, since they did
not own a significantly greater propor-
tion of the late eggs (fraction of in-
cubated eggs laid earlier for last-laying
female versus all other females, two- and
three-female groups pooled, t = 1.55,
N=84,.1<P<.2).

The key factor maintaining the egg
ownership skew appears to be the ability
of the last female to lay eggs more rapid-
ly. Last females laid eggs at significantly
shorter intervals than earlier females
(U = 649.5, n; = 21, n, = 48, P < .05).
As an example, inter-egg intervals in the
Stonegate group averaged 2.6 days for
the first female, 1.8 days for the second,
and 1.5 for the third female. Since the ef-
fect of laying larger total clutches by
early females is to compensate for tossed
eggs, an inverse relationship appears to
exist between rate of laying and total
clutch size. The critical effect of egg
tossing may therefore be to exhaust the
energy reserves of early females, which
reduces their rate of egg production dur-
ing the laying period of the last female.
Thus for energetic reasons alone, early
females cannot eliminate the skew cre-
ated by egg tossing.

The egg-laying strategies of the fe-
males in a group have evidently evolved
as a series of competitive adaptations
and counteradaptations, arising from se-
lection on females to get the largest pro-
portion of their eggs into the nest. The
number of eggs a female contributes to
the communal clutch ultimately depends
on the order of the onset of laying. The
sequence of laying was the same in sub-
sequent nesting attempts of three groups
for which this information was available.
The females in a group can therefore be
ranked in order of decreasing number of
incubated eggs with the alpha female lay-
ing last and incubating the most eggs. Fe-
males of high status were consistently
older than lower-status females [sign
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Table 1. Average skew of egg ownership for
one-, two-, and three-female groups.

Incubated
Order  Laid  Tossed e
opor-
laying (No.) (No.) No. tign
One-female groups (N = 19)
3.9 0.0 3.9 1.00
Two-female groups (N = 9)
First 5.1 2.6 2.5 37
Second 4.3 0.0 4.3% .63
Three-female groups (N = 4)
First 7.0 4.0 3.0 .24
Second 6.3 2.5 3.8 30
Third 5.8 0.0 5.8t .46

*Number of incubated eggs for first versus second
females, Mann-Whitney U = 72.5, P < .005.
tNumber of incubated eggs for first and second fe-
males (pooled) versus third female, U = 30,
P < .01.

test, x(—=) = 0, N = 6, P = .03]. Males
can be similarly ranked by assigning
them the same status as the female to
which they are mated. Although exact
paternity was not determined, adulter-
ous matings are rare compared to within-
pair matings [see also (6)], and males vig-
orously defend their mates against other
males in the group. Male status corre-
lated well with size [sign test, x(—) = 3,
N = 32, P < .001] but not with age. This
rank order, based on laying sequence,
reflects not only relative clutch size but
also, presumably, the relative produc-
tion of juveniles by pairs of different stat-
us. All females suffer equally from the ef-
fect of egg age on nestling survival. Fur-
thermore, adults recognize neither their
own eggs nor their nestlings, so no op-
portunity for preferential feeding of
one’s own offspring is available. The
probability of nestling loss is therefore
equal for each pair, and the skew in
young fledged is likely to be the same as
the skew in clutch sizes.

Differences in clutch size are corre-
lated with the amount of parental care
contributed by group members. In-
cubation effort was shown to vary con-
siderably among members in a smooth-
billed ani group by Kdster (6), but obser-
vations were not begun early enough to
determine egg-laying order or the loss of
eggs by tossing. In three of the groove-
billed ani nests in which I could identify
the order of laying, the incubation effort
of each bird was monitored for 1 to 3
days by direct observation or time-lapse
photography. Nestling feeding rates
were monitored in one of these nests as
well. Relative incubation effort as a func-
tion of sex and status is shown in Fig. 1.
In all cases, incubation effort increased
with increasing status for males but de-
creased with increasing status for fe-
males. The alpha male contributed more

than any other bird to daytime in-
cubation and nestling care and, in addi-
tion, was the only bird to incubate at
night. These results are consistent with
those of Koster (6), who also noted the
inverse relationship of incubation effort
between the male and female of a pair
and the nighttime incubation effort of
that male which incubates most during
the day. The same relationship existed
for relative nestling feeding rates, but the
skew in effort was less and juvenile help-
ers in the group contributed substan-
tially.

Female behavior in terms of parental
effort is reminiscent of parasitism, in
which the alpha individual replaces the
eggs of low-status individuals with her
own and greatly reduces her incubation
effort relative to the other females.
Males, on the other hand, incubate in di-
rect proportion to their presumed gamete
contribution. This latter correlation im-
plies that males ‘‘know’’ the status of
their mates. It therefore seems likely that
an underlying dominance hierarchy with-
in the group determines laying sequence,
mate selection, and incubation effort.
The position of an individual in the com-
munal hierarchy thus has important im-
plications for its reproductive success.
While it is not the intention of this paper
to examine the longer-term effects on
lifetime fitness of joining communal
groups, the analysis has revealed com-
petition within this cooperative system
and may help to explain the losses of
eggs in other avian species engaging in
communal nesting.

SANDRA L. VEHRENCAMP
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